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1. 
Title 



Method and arrangement for performing measurements of the topography 

of a surface. 



Field of the Invention 
The present Invention relates to a method for performing 
measurements of the topography of a surface, such as topography of an eye 
surface, wherein projecting means for projecting an image onto said 
surface comprises at least one projection light source, wherein at least 
a fraction of light leaving the surface as a result of said projection is 
received using one or more receiving units, such as charged coupled 
device (CCD) based cameras, and wherein the topography of the surface is 
determined by analysis of said fraction of light leaving the surface. 

The invention further relates to an arrangement for. 
performing measurements of the topography of a surface, such as 
topography of an eye surface, comprising projection means and at least, 
one projection light source for projecting an image onto the surface, 
further comprising one or more receiving units for receiving at least a 
fraction of light leaving the surface as a result of said projection, 
such 35 charged coupled device (CCD) based cameras and means for analyses 
of said faction of light leaving the surface to determine the topography 
of the surface. 



Backoround t ff the Inwpntj^ n 
Wany industrial, scientific and medical processes involve 
the measurement of the topography of surfaces for variety of 
applications. In most cases the accuracy of the measurements is of great 
importance for the quality of the output of the process mentioned. A 
specific type of surface topography measurements involves the 
measurements of curved surfaces, as is applied, for example, in 
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ophthalmology where the topography of the corneal surface of the eye 
provides an Indication of the quality of the eye and possible deflections 
from a healthy eye. 

Some methods of measuring the topography of surfaces are 
5 based on specular reflsction, e.g. a wave-front of a collimated coherent 
beam of light is projected on the surface and its reflected part is 
cooipared with an undisturbed reference beam (interferometric measurement) 
or a pattern Is projected or mirrored by the surface and its reflection 
1$ compared with a reference pattern. 
10 The limitations of these methods are that the accuracy is 

greatly reduced when both convex and concave curvatures are present on 
the surface or when rays are reflected outside the aperture of the 
sensor. 

A solution is the application of molr§ methods. Moire 
15 methods are a versatile set of techniques for 1n«p1ane and out-of -plane 
deformation measurements, topographic contouring, and slope and curvature 
measurement. The basis of mo1r6 methods are grids, which for use in eye 
surface topography may enable the projection of a pattern of lines onto 
the surface. Detection of the line pattern on the surface and overlaying 
20 the line pattern by an undisturbed reference pattern visualises the molrfi 
pattern, which comprises the required information about the topography of 
the surface. 

For detection of the projected pattern* a diffusely 
radiating surface Is desired for this technique. For specular reflecting 
25 surfaces like the eye. in prior art» these surfaces are transformed in a 
diffusely radiating surface through the application of fluorescein on the 
surface. A diffuse reflection of the projected pattern can then be 
detected by the detection means. 

A disadvantage of this technique Is that it is marginally 
30 invasive, Especially for ophthalmologic purposes this Is not desired 
since the application of fluorescein onto the eye disturbs the tear film 
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and makes It difficult to. see references* such as the pupil or the iris, 
on or beneath the surface of the eye. Another drawback of this technique 
Is that It does not work on dry surfaces* such as dry eyes. 

A good example of a method and arrangement used for eye 
topography, wherein a derivative of molrfi methods and the application of 
fluorescein is used, is described in European patent EP 0 551 95S. This 
document describes some features of such a kind of Imaging in surface 
topography measurements* especially In relation to eye and corneal 
surface topography* in more detail. 

Summary of the invention 

It Is an object of the present invention to provide a 
method and arrangement for performing measurements of the topography of a 
surface* such as an eye or corneal surface, which is patient- and 
oparator/user friendly, provides accurate Information, and wherein the 
surface remains untouched and undisturbed, thus reducing the chance of 
disturbing measuring results by the measuring method itself. 

It is an additional object of the present invention to 
provide a method and arrangement for performing measurements of the 
topography of a dry surface. 

These and other objects and advantages of the present 
Invention are provided by projecting an image onto the surface which is 
projected with light comprising a colour for which the surface is opaque. 

The advantage of using light of such a colour is that this 
illumination can be applied to eyes with a normal tear film as well as 
dry eyes and dry surfaces, whereas methods of prior- art, such as methods, 
using the application of fluorescent substances on the corneal surface, 
cannot be used in dry eyes. In addition, the eye will not register the 
light used to perform the measurements and hence it will be disturbed by 
the measurement. Both the eye. as well as the results of the measurement 
are undisturbed by the way of measuring. Also, due to the transmission 
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and scattering properties of the different tissues present In the eye, 
under the right conditions only the shape of the outer corneal epithelium 
and conjunctiva are mapped. 

In an embodiment of the invention an ainblent light source 
is used to enable detection of references on the surface using one or 
more receiving units. The ambient light source may radiate light of a 
colour for which the surface is at least partly transparent, for Instance 
In order to reveal structures and references that are present directly 
underneath the surface. 

In a preferred embodiment the light radiated by the antblent 
light source is near-infrared (near-IR3 light (wave length A < 1*3 Mm) 
and the surface is a corneal surface of an eye. 

The advantage of the above used ambient light source and In 
particularly the near-IR light source that is used In corneal surface , 
topography Is the revelation of structures underneath the surface, such 
as the pupil or the Iris of the eye. Uhen the pupil Is vislblet it can 
serve as a distinct landmark for alignment after the measurement. For 
this purpose it Is necessary that contraction of the pupil can be 
controlled by the operator of the measuring device. By using near-IR 
light in combination with the invention, the pupil is not influenced by 
the measuring light nor the ambient light source, and references are 
revealed vsfithout Introducing disturbances. The operator may. for example, 
control dynamics of the measured subject, such as contraction of the 
pupil, using other methods, for Instance the use of an additional 
(visible) light source in combination with the invention. 

In another embodiment- of the invention the fraction of. 

light leaving the surface Is received by a plurality of receiving units. 
In this embodiment, the receiving units have been accurately focussed, 
magnified and aligned for the purpose of receiving a suitable image of 
sufficient quality at a preset distance. Said embodiment may. for 
example, be arranged to measure the surface topography of a surface 
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located at a predetermined distance from the front of the measuring 
arrangement (since It may be a curved surface, the distance meant here is 
the average distance). The surface of the object to be measured may be 
fixed 1n spacci while the arrangement may be (slightly) moveable, or vice 
versa. 

In the above mentioned arrangement, the surface to be 
nieasured has to be brought In position, relative to the arrangement, such 
that (on average) it coincides with the 'plane of focus' of the 
arrangement. The arrangement may therefore be equipped with means for 
adjusting the position relative to that of a surface to be measured. 

For adjusting, the embodiment comprises means for 
projecting references onto the surface and at least some of the 
projection angles of the projected references are different from each 
other. The references are projected such that they form an easy 
recognisable pattern in the 'plane of focus'. In addition, the angles of 
projection are such that In any plane, parallel to said 'plane of focus' 
but at a small distance spaced apart thereof, the pattern formed by the 
references is recognisably different. 

By adjusting the position of the arrangement relative to 
the position of the surface, one can easily establish the distance for 
which the surface coincides (on average) with the 'plane of focus', by 
evaluating the pattern formed by said references. 

The tri angulation method described above can be summarized 
by the following steps: projecting a plurality of references onto the 
surface with at least partially different projection angles such that a 
known pattern is formed by the references If projected on the 'plane of 
focus', adjusting the distance between object and arrangement as to 
approximate to the desired pattern as close as possible. 

In a preferred embodiment near-lR light is used for 
projecting the references used for tri angulation or, when the surface Is 
an eye surface comprising , a corneal surface to be measured, the 
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references my be projected onto a region outside the pupil, such as the 
conjunctiva. 

By focussing on the conjunctiva adjacent to the corneal 
tissue no visible light load for the patient Is present. By using near-lR 
5 light the chances of response of the eye to the focussing are further 
reduced. 

In a specific embodiment the projected image of a grid Is 
flashed onto the surface* and the receiving units are synchronised with 
this flash. 

10 The advantages of flashing the image onto the surface Is 

that movement artefacts are frozen by the flash. 

In another embodiment a series of flashes is projected onto 
the surface enabling determination of dynamics of the topography of the 
surface, 

15 In a preferred embodiment the colour of light used to 

project the image on the surface corresponds to a colour of infrared (IR) 
light in particular mid-IR light. 

For the colour mentioned above the eye is not only fully 
opaque, in accordance with the Invention, but the use of this colour has 

20 additional benefits. The photons that are absorbed by the tissue are 
converted into heat. This heat causes thermal excitation of the matter in 
the tissue generating radiation comprising wavelengths other than the 
original wavelength that was projected onto the surface. The mid-IR light 
that is not absorbed by the tissue, but R»y Instead be reflected back to 

25 the receiving unit (specular reflection), Is still comprised of Its 

original wave length. This natural process enables filtering of the..- 
reflected light from the signal by for example an optical filter or 
dichrolc mirror, leaving only the fraction of light caused by thermal 
emission to be detected by the detection means. It will be appreciated 

30 that this latter fraction comes from the diffusely radiating surface, and 
provide the diffuse image that can be used in surface mapping methods. 
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in an other embodiment of the invention the emtsston 
component l$ separated from the excitation component of the light, and 
the excitation coinponent of the light is used to synchronize the 
receiving units with a flashed projection. 
$ The invention may also be embodied using a colour of ultra 

violet (UV) light to project the required pattern. 

For most UV light the eye ls opaque as well, in accordance 
with the invention; this is especially true with UV light with a wave 
length smaller than 200 nm. In the corneal tissue, this light will 

10 scatter providing the desired diffuse illuminated projection. The 
specular reflection component of the light can be suppressed by the use 
of crossed UV polarizing optics, for instance by a vertical oriented 
polarizer placed in the projector and a horizontal oriented polarizer 
near the receiving unit. For safety purposes it should be noted here that 

15 the use of UV light with a wavelength longer than 200 nm may» for 
specific use of the invention for corneal surface topography measurement, 
damage the corneal surface as it may affect protein structures In the 
corneal tissue. Although dependent on the application of the invention, 
use of the invention with UV light of wavelength longer than 200 nm is 

ZQ not ruled out, for regular direct use on corneal surfaces It is not 
advised. 

It will be appreciated that the projected pattern may be 
created by a variety of means other than grids. A slid or a double slid 
or any other interferometric technique may be used to create an 
25 interference pattern suitable for grid projection methods. In a certain 
embodiment the interference pattern used is a sinus-shaped fringe., 
pattern. 

The invention Is not limited to the use In grid projection 
or moirS methods. The principle of using light for which the surface is 
30 opaque Is advantageous In many other techniques wherein optics are used 
to determine the topography of a surface. The use of this Invention for 
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similar purposes my be suggested by the additional advantages of the use 
of the invention for ophthalmologic purposes as described above. The 
invention is not limited to the use of IR or UV light, or similar 
colours. It will be appreciated that, in relation to surface topography, 
5 the concept of adapting the wavelength of light or radiation to the 
characteristics of the measured subject is widely applicable in a variety 
of cases, especially for medical purposes. Examples are fluorescent 
angiography as used for retinal blood flow oieasurement or technical 
purposes such as for aspheric (contact) lenses. 
10 The above-mentioned and other features and advantages of 

the invention are illustrated In the following description of some 
embodiments of the present invention, with reference to the enclosed 
drawings. Systems arranged for deploying above-mentioned method are 
regarded as an embodiment of the present invention. 

IS 

Brief description af the c^rawlnas 
Figure 1 shows a schematic top view of an arrangement 
according to the present inventionj 

figure 2 shows a schematic side view of the projection unit 
20 of the arrangement of figure 1; 

figure 3 is a schematic top view of the principle of the 
triangulation method of the present invention for adjusting the distance 
between the receiving units and the surface to be measured. 

figure 4 is a double logarithmic diagram of the dependency 
25 of the absorption coefficient of sea water on the wave length of light 
(taken from "Sources of radiation • « The Infrared & Electro-Optical 
Systems Handbook Vol. l'> 6. J. Zlssis (editor). SPIE, 1993, page 256); 

figure S shows a projected pattern on a corneal surface of 
which the topography is being measured; 
30 figure 6 shows an image acquired with fast Fourier analysis 

of the pattern of figure 6. 
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Detailed desertp tion of tfie embodiments 
An amngement 14 according to the present invention is 
shown in figures 1 and 2. The arrangement has three main functions; 
projection of a line pattern on the corneal surface 20, tri angulation 
5 focussing, and visualisation of references by using ambient light sources 
18 and 19. Figure 1 shows a schematic top view of the arrangement, and 
figure 2 shows a side view of the projection unit generally indicated as 
12. 

Projection on the surface is performed by generating a line 

10 pattern projection through light source 1, aperture 2, lens 3, grid 4, 
telacentric lens 5, (dfchroic) mirrors 7 and 8. and telecentric lens 6. 
The image leaving telecentric lens 6 is projected onto the corneal 
surface 20. The diffuse Image of the grid 4 on the corneal surface 20 is 
picked up through telecentric lenses 25 and 26, filters 27 and Zfl, 

16 telecentric lenses 29 and 30 and cameras 31 and 32. The signal of cameras 
31 and 32 is transmitted via lines 37 and 38 to frame grabber 34 and 
further processed by PC 35. after which it is visualised on monitor 36. 
Aperture 2 may be a 3 mm wide slid. Grid 4 may comprise the sinus-shaped 
line pattern with a line density of about 3 Ip/mm (line pairs per 

20 rolllimBtre), which lines run at right angles through the projection axis. 
Mirrors 7 and 8 are dichroic mirrors that reflect the light coming from 
projection light source I, Filters 27 and 28, in the optical path between 
cameras 31 and 32 and eye 20, are added to block the light caused by 
specular reflection of the projected image. In the case that projection 

i5 light source 1 is a inid-IR light source, only the diffuse image caused by 
thermal radiation due to the absorbed IR radiation by the tissue, should, 
be recorded by cameras 31 and 32, The light caused by thermal radiation 
typically has an other wave length than the light caused by specular 
reflection. The light caused by specular reflection is of the same wave 

0 length as the light coming from the projection source, and can thus be 
filtered out easily by filters 27 and 28. 
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Frame grabber 34 subsequently captures the frames comfng 
from the first camera 31 and the second camera 32 and sends these Images 
to PC 35, The image may be viewed on monitor 36. PC 35 may determine the 
grid frequency of the projected grid on the Image received and compare 
S the results to the original frequency of the grid used. The results will 
contain desired information about the surface topography. Alternatively, 
PC 35 may combine the two images revealing a raolr§ pattern which can be 
viewed on monitor 36. 

In order to freeze rapid eye movements and to minimize 

10 thermal diffusion during the recording process, the illumination time can 
be reduced, for instance to about 1 ms. The flash thus created can be 
synchronised with the mId-IR cameras 31 and 32, In a specific embodiment 
two subsequent flashes can be synchronized with the first camera 31 and 
the second camera 32 subsequently, such that the first camera records an 

IS odd field and the second camera records an even field, which in term can 
be processed by the frame grabber 34 and the PC 36, The odd field lody, 
for example, be comprised of the odd picture lines of the image, and the 
even field of the even picture lines. Combining both fields then 
yield an image revealing a molrfi pattern. 

20 The second functionality of arrangement 14 of figure I, 

recording of reference patterns underneath the corneal surface* such as 
pupil, iris and conjunctiva, is here performed by the addition of two 
ambient light sources la and 19 which may, according to the invention, 
provide near-IR ambient light for which the eye is at least partly 

25 transparent. For this purpose, recording of these references is performed 
" by camera U which receives reflected near-IR light coming through lens 
6, and is reflected by mirror 8 onto dichrolc mirror 7, Dichrolc mirror 7 
transmits near*IR light which reaches camera 11 through lens 10. 

The arrangement described above may be aligned, focussed 

30 and magnified In order to project and receive suitable images at fixed 
distances at a fixed distance from the image receiving means. The 
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arrangement may further comprise supporting means in which an object 
comprising a surface to be measured may be placed. The distance between 
the surface to be measured and the receiving means, after the object has 
been placed in front of the arrangement, must be close enough approximate 
5 to the fixed distance for which the arrangement may have been aligned, 
focussed and magnified as mentioned above. For this purpose the 
supporting means or the arrangement as a whole my be arranged for 
calibrating the distance between the surface to be measured and the 
receiving means (this can be done by moving the object or moving the 

10 measuring device* as will be appreciated). 

In order to determine whether the distance between the 
receiving means and the surface is equal to the distance for which the 
arrangement Is able to project and receive suitable images* a 
tri angulation method may be used as part of the invention. 

15 Figure 3 schematically shows the principle of the 

tri angulation method used for calibrating the distance between receiving 
means and surface. The arrangement is aligned, focussed and magnified in 
order to project and receive a suitable image at the 'plane of focus' 44, 
indicated by a dotted line as the 'plane of focus' 44 is not physically 

20 present. Reference projection means 40-43 projecting a small spot as 
provided by near-IR lasers 21 and 22 in figure 1, project a plurality of 
reference points onto the surface to be measured. The reference 
projection means are arranged such that the points projected onto a 
imaginary projection plane In the 'plane of focus' 44 form a recognisable 

25 pattern, and in addition, the pattern formed by these points In any other 
plane Is recognlsably different. 

The optical paths of the reference projection means 40-43 
are shown as the dotted lines 45-48. The angle of projection of these 
optical paths relative to the plane of focus is indicated by Qi for path 

30 45 of projection means 40, a, 'f'oi'' path 46 of projection means 41. a, for 
path 47 of projection means 42, a« for path 48 of projection means 43. A 
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surface to be measured may be a corneal surface of an eye and is 
indicated in figure 3 as 49A» B and C, wherein A* B and C indicate three 
possible situations. The Images received by receiving means (not shown) 
for the three situations are indicated by 55A, B and C. In all these 
5 images, 56(A, B and C) indicates the circumference of an iris and 57(A, B 
and C) is the pupil of the eye. The reference points are indicated by 
50<'53 At B and C for each situation A, B and with an additional prime 
('"") to indicate the representation of the reference on screen in images 
SSAt B and C. 

10 The optimal situation, the situation wherein the surface 

49B approximately coincides with the 'plane of focus' 44, at least close 
enough to acquire the desired accuracy in the results of the measurement, 
is here indicated by situation B. The optical paths 45 and 47 cross (but 
do not Intersect) each other at different heights, as well as optical 

15 paths 46 and 46. Points 50B-53B recognisably form the comers of a 
rectangle, as can be seen in Image 55B indicated by spots SOB*, 82B', 
SIB' and S3B'. 

Situation A shows the situation wherein the surface 49A is 
located in front of the "plane of focus' 44, such that the distance 

20 between receiving means (not shown) and surface 49A is too small, in 
situation A. the reference paints 50A, 52A. 51A and 53A do not form a 
rectangle as in the case of situation B, in this example the projection 
angles and QI3 of optical paths 46 and 47 respectively relative to the 
'plane of focus' 44 are no straight angles (of approximately 90"), but 

25 are instead smaller and larger respectively. Therefore, moving surface 
49A more to the front will cause reference points 51A and . 52A . to . move 
closer to each other, while moving surface 49A backwards in the direction 
of the 'plane of focus* 44 will cause reference points 51A and 52A to 
move away from each other. In situation A, the image points 50A', 5ZA', 

30 51A' and 53A' win form the corners of a trapezium in image 55A. An 
operator of the arrangement recognises this and may increase the distance 



I 
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between receiving means (not shown) and surface 4dA» until the situation 
indicated by B is achieved. 

Situation C shows a likewise situation as A. but In C the 
distance between the surface 49C and the receiving means (not shown) is 
5 too large, placing surface 49C behind the 'plane of focus' 44. Here* 
reference points 52C and 51C are further away from each other than 50C 
and 53C. such that In Imagd 55C the reference points SOC*, 51C'» 52C* and 
53C' form the comers of a trapeslum. Similar as in situation A» an 
operator of the arrangement knows that the distance between surface 49C 

10 and receiving means (not shown) must be decreased. 

As will be appreciated* other situations may be possible 
wherein It may be clear to an operator how to calibrate the distance 
between the receiving means and the object. En addition , it can likewise 
be visualised that a surface like 49 may be tilted, rotated or moved 

15 within the 'plane of focus' 44 (left, right, up, down or a conriil nation 
thereof). For example, when the. surface 49 may need to be tilted an 
asymmetric pattern may be seen In image 55. 

A specific embodiment visualises (when the distance or 
orientation is calibrated correctly, as in situation B) the corners of a 

20 rectangle defining the surface that will be measured by the arrangement* 
This enables easy positioning of the arrangement relative to the object. 

The arrangement described above, presented in figure 1 and 
figure 2, may be suitable for mid-IR radiation, but can easily be adapted 
for use with ultra violet (UV) projections or other colour (such as blue 

25 light). For instance, using a UV light source 1, a polarizer 17 may be . 
placed in front of lens 6 and filters 27 and 28 may.be replaced by 
polarlaatlon filters, of which the direction of polarization Is 
perpendicular to the polarization direction of polarizer 17. The function 
of this set of polarizers is to remove light caused by specular 

30 reflection on the corneal surface 20, Additionally, it will be 
appreciated that using a UV light. source 1, dichrolc mirrors 7 and 8 are 
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to be replaced by suitable dichrolc mirrors. 

Optionally, and especially for use in an arrangement 
suitable for projecting blue light, a fixation light source 9 can be 
placed tn a straight line behind mirror 6 on the axis between mirror 8 
and the corneal surface ZD, The near-IR sources 17 and la as well as the 
near-IR projection lasers 21 and 22 not necessarily need to be replaced 
in case a different colour of light is used in the main projection source 

Figure 4, which is taken from "Sources of radiation - The 
Infrared & Electro-Optical Systems Handbook Vol. 1*. 6. j. Zlssis 
(editor). SPIE, 1993, page 2S6, shows a diagram which depicts the 
dependency of the absorption coefficient k on the wavelength of light A 
for sea water. The absorption coefficient of sea water is comparable to 
the absorption coefficient of the corneal tissue of the eye. As can be 
seen in the diagram, for visible light the region generally indicated 
with n (approximately between 0,4 and 0,8 Mm) the eye is transparent. 
However, in the iR-reglon indicated with I. for wave length larger than 
0.8 Mm the absorption coefficient increases rapidly (note the double 
logarithmic scale), thus the eye is opaque for these frequencies around 
0.8 Mm. in the near-IR region, the eye is still partly transparent. In 
the ultra violet region, region in, with wave lengths smaller than 
approximately 0.4 \im, the corneal tissue starts to become opaque for 
frequencies smaller than 0,3 Mm. However, for medical use and safety 
purposes, UV light with a wave length longer than 0,2 Mm is not 
preferred, as it may permanently damage the tissue. 

Figure 5 shows an Image of a projected grid pattern on an 
eye surface in an arrangement as an example of the present invention. The 
image is received by receiving means that are placed under a different 
angle {with respect to their optical path to the surface) than the 
projection means. 

Figure 6 shows a height topography map of an eye surface 
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calculated by combination of the image of figure 5 with a similar image 
taken from a different angle (or with a different angle of projection to 
the surface). The Images shown In figure 5 and 6 have been created as 
examples to explain the arrangement according to the present invention. 

5 An arrangement according to the present Invention is 

directed towards the method and arrangement disclosed in the amended 
claims. The arrangement described above, comprised of a single projection 
unit and two camera's may be embodied different, A possible amendn^nt of 
the embodiment described is the use of a plurality of projection units 

10 for projecting one or more grid patterns onto the surface, or the use of 
a one or more receiving units (for example, one camera and two projection 
units) . 

!t will be appreciated that numerous modifications and 
variations of the present invention are possible in the light of the 
15 above teachings. It is therefore understood that within the scope of the 
attached claims, the invention may be practised otherwise than 
specifically described herein. 
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CUIMS 



!• Method for performing measurements of the topography of a 

surface, such as topography of an eye surface, wherein projecting means 
5 for projecting an image onto said surface comprises at least one 
projection light source, wherein at least a fraction of light leaving the 
surface as a result of said projection is received using one or more 
receiving units, such as charged coupled device (CCD) based cameras, and 
wherein the topography of the surface is determined by analysis of said 
10 fraction of light leaving the surface, characterised in that the image 
projected onto the surface is projected with light comprising a colour 
for which the surface Is opaque. 

2« Method according to claim I, wherein niuroination of the 

surface by an ambient light source enables detection of references on or 
IS underneath the surface using said one or more receiving units. 

3* Method according to claim 2, wherein said ambient light 

source radiates light of a colour for which the surface is at least 
partly transparent. 

Method according to any of the claims 2 and 3, wherein the 
surface is at least part of an eye surface, and wherein the light 
radiated by said ambient light source is near-IR light. 
5. Method according to any of the previous claims, wherein a 

plurality of receiving units are used for receiving said fraction of 
light leaving the surface, wherein said receiving units are arranged for 
25 receiving a desired image of said fraction of light at a fixed distance 
from said surface, and wherein placing the surface at said fixed distance 
for receiving the desired image at least comprises the steps of: 

- projecting a plurality of references onto the surface 
along an optical path using reference projection means, which references 
are projected such that at least one of the optical paths of said 
reference projection means is at an angle with at least one other of said 
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Optical paths of the reference projection means, and such that if the 
references are projected on the surface at said fixed distance to the 
receiving units, a recognisable pattern is formed on the surface by said 
references, 

- adjusting the distance between surface and receiving 
units such that said references form said recognisable pattern on the 
surface . 

6. Method according to claim 5, wherein near-IR light is used 
for projecting said references onto the surface. 

7. Hethod accordlna to any of cleiins 5 and 6, wherein the 
surface Is an eye surface comprising a corneal surface, and wherein 
pupil, iris and conjunctiva are comprised underneath said surface, and 
n^erein said more than one reference Is projected onto a region of the 
conjunctiva outside a region of the corneal surface. 

8. Method according to any of the previous claims, wherein 
said projection means flashes the image onto the surface, and wherein at 
least one of said receiving units is synchronised with said projection 
means, 

9» Method according to claim 8, wherein said projection means 

projects the image during a series of flashes onto the surface, enabling 
determination of dynamics of the topography of the surface. 

Method according to any of the previous claims, wherein 
said colour for which the surface Is opaque corresponds to a colour of 
infrared (IR) light. 

11' Method according to claim 10, wherein mid-lR light is used 

for projecting said image on the surface. 

12. Method according to claim U, wherein said fraction of the 

light leaving the surface comprises light that is radiated by the surface 
due to excitation of surface matter and light that is radiated by the 
surface due to thermal emission, and wherein light radiated due to 
excitation of surface matter is removed before said fraction of light 
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leaving the surface ls analysed to determine the topography of the 
surface t 

13. Method according to any of the claims 8 and 9 and any of 
the claims 10-12i wherein said fraction of the light leaving the surface 

5 comprises light that Is radiated by the surface due to excitation of 
surface matter and light that is radiated by the surface due to thermal 
emission, and wherein said light radiated due to excitation of surface 
matter is used to synchronise the at least one of said receiving units. 

14. Method according to any of the claims 10-13, wherein at 
10 least one of the receiving units only receives said fraction of light 

leaving the surface during thermal excitation of the surface. 

15. Method according to any of the claims 1-9, wherein the 
colour for which the surface is opaque corresponds to a colour of 
ultraviolet (UV) light. 

15 16. Method according to claim IS, wherein only a polarized 

fraction of UV light Is projected by the projecting means onto the 
surface. 

17. Method according to any of the previous claims* wherein 
said Image projected onto the surface Is an interference pattern provided 

20 by any of a group of a grid, a slit, a double slit, an Interferometer, 
and other means for creating an interference pattern. 

18. Method according to claim 17, wherein said interference 
pattern used Is a sinus shaped fringe pattern. 

ig. Method according to any of the previous claims, wherein a 

25 moiri method, Fourier analysis methods or other profllometrlc methods are 
used for determining the topography of the surface, 
20. Arrangement for performing measurements of the topography 

of a surface, such as topography of an eye surface, conq^rislng projecting 
means and at least one projection light source for projecting an Image 
30 onto the surface, further comprising one or more receiving units for 
receiving at least a fraction of light leaving the surface as a result of 
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said projection, such as charged coupled device (CCD) based cameras* and 
means for analysis of said fraction of light leaving the surface to 
determine the topography of the surface, characterised in that said 
projection light source emits light of a colour for which the surface is 
5 opaque* 

21. Arrangement according to claim 20. further comprising an 
ambient light source and means for detecting references on said surface. 

22. Arrangement according to claim 21* wherein said ambient 
light source comprises a near-lR light source. 

10 23. Arrangement according to any of the claims 20-22, 

comprising a plurality of receiving units, and further comprising means 
for projecting more than one reference onto the surface, and means for 
constructing a composite image from images received by said receiving 
units. 

15 24. Arrangement according to any of the claims 20-23, 

comprising means for synchronising said receiving units with said 
projection means. 

25, Arrangement according to any of the claims 20-24, wherein 
said projection light source is an IR light source of a colour for which 

20 the surface Is opaque, 

26. Arrangement according to claim 25, comprising filtering 
means for filtering light that 1s radiated by the surface due to thermal 
excitation of surface matter from the fraction of light leaving said 
surface. 

25 27. Arrangement according to any of the claims 25 and 26, 

comprising means for limiting a period of time for which at least one of 
said receiving units receives said fraction of light leaving the surface 
such that said period of time is approximately the duration of thermal 
emission of light of said projected Image on said surface. 

30 28. Arrangement according to any of the claims 20-24, wherein 

said projection light source Is an UV light source of a colour for which 
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the surface Is opaque. 

29. Arrangement according to claim 2d, wherein said projection 
means comprises a UV polarizer for only transmitting polarized UV light, 

30, Arrangement according to any of the claims 20-29, wherein 
5 said projecting means comprises means for projecting an interference 

pattern onto said surface. 
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ABSTRACT 

Method and arrangement for performing measurements of the 
topography of a surface (20), such as topography of an eye surface (20), 
wherein projecting means (X, 12) for projecting an image onto said 
surface <Z0) comprises a projection light source (1), and wherein at 
least a fraction of light leaving the surface (20) as a result of said 
projection is received using one or more receiving units (31. 32). such 
as charged coupled device (CCD) based cameras. The topography of the 
surface (20) is determined by analysis of said fraction of light leaving 
the surface (20). and the image projected onto the surface (20) Is 
projected with light comprising a colour for which the surface (20) is 
opaque. 
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FIG. 2 
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FIG. 6 
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